Background. Child mortality estimates in Beirut are presented for the late 1970s and the mid 1980s, and changes in socio-religious differentials of mortality across time are investigated. Methods. Baseline information was obtained from maternity registries in Beirut in 1984 and 1991. Age of mother, number of children ever born and number of children alive, hospitalization class (1, 2 or 3 within each hospital, depending on the room rate, the services and the doctor's fees), and religion of newborn was recorded. Brass and Macrae's technique was used to convert the proportion dead among children ever born to mothers in age group 30-34 into 5 q 0 estimates for the reference periods 1978 (1984 data) and 1985 (1991 data). Using hospitalization class as a proxy for social class, religious differentials in child mortality were explored by logistic regression analysis within each period. Results. Overall, 5 q 0 is estimated at 46 per 1000 in the late 1970s, and at 36 per 1000 in the mid 1980s. The religious differentials in 5 q 0 mortality estimates were quite large in the former period, with a risk for Muslims relative to Christians of 1.53, which declined to 1.35 in the latter period. The regression analysis of the proportion dead among children ever born; (1) confirmed the magnitude of the religious differentials in child mortality, and their reduction over time; (2) demonstrated the existence of an interaction between religion and social class, as the religious differentials in child mortality were found to be highly prevalent in the lower social classes, and almost insignificant in the middle and upper ones; (3) highlighted the decisive role of differential fertility in generating differential child mortality, with higher fertility and higher child mortality in Muslims, and with the disappearance of religious differentials in child mortality after adjustment for fertility. Conclusion. The findings confirm the hypothesis of a reduction over time of religious-based child mortality differences in the capital city of Lebanon, in agreement with the pattern found for religious-based fertility differences. Comparisons with other countries in the region indicate that the war in Lebanon has slowed down the decline in child mortality, causing the country to loose its priviledged position among Arab countries.
Among Arab countries, Lebanon was, until the mid 1970s, one of the most advanced in terms of demographic transition. In 1970, the infant mortality rate was 65 per 1000, and the total fertility rate was 3.9, 1 both being the lowest values recorded in the Arab world at that time.
Since then the situation of the country has changed drastically. From the mid 1970s onwards it has been subjected to a civil war, and in addition, since 1984, has witnessed an economic collapse. The latter by itself has affected considerably the standards of living of the population, and is likely to have had significant repercussions on the nutritional status of children, and on the quality and affordability of health care services. Whether political and economic hardship have slowed down, or even reversed the decline in infant mortality in Lebanon is open to discussion. More generally the demographic impact of the war has not yet been explored, largely due to the absence of reliable data covering the last 20 years.
The purpose of this study was to investigate the infant and child mortality levels in Beirut during the war period, by analysing the information routinely recorded in maternity registers on the number of children ever born and on the number of children alive in addition to the current birth. In Lebanon, the majority of hospitals are private, and the beds in each of them are divided into three classes, according to the room rate, the services and the doctors' fees. The use of hospitalization class as a proxy for social class, and the availability of patients' religion in the registers has enabled the exploration of the child mortality differentials along social and religious lines, and their changes from the late 1970s to the mid 1980s.
STUDY BACKGROUND AND METHODOLOGY
In the absence of census data (the last national census was in 1932), the only demographic estimates available in Lebanon are based on surveys which date back to the 1970s and 1980s. Prior to the war, most statistics originated from the 1970 national sample survey on the economically active population 2 and from the 1971 national sample survey on the family. 3 During the war, the fertility and mortality estimates were obtained from: the 1984 Beirut Health Survey; 4 the 1987 survey on the Christian family in Lebanon, which covered the Christian regions of the country, including East Beirut; 5 and the 1987 National Sample Survey on displaced families. 5 Most of the above surveys provided fertility estimates. The only estimates of infant and child mortality in Beirut are based on the 1984 Beirut Health Survey which covered the entire city ( 0 q 5 : 31 per 1000) and a hospital-based survey carried out in the Maternity Department of a large hospital in the western part of Beirut (the American University of Beirut Medical Center) in 1983-1984 6 ( 0 q 5 : about 45 per 1000). Both estimates are indirect, referring to a period centered around the late 1970s, and no update is available.
In order to examine trends, estimates spread at different points in time should ideally originate from the same source and methodology. In addition, in a context like that of Lebanon where census figures are non-existent and where vital events' registration has been disrupted, indirect estimation techniques derived from routinely collected data are potentially of great interest, largely for two reasons. They provide child mortality estimates at much lower cost than ad hoc surveys, and they offer potential for continuous followup over time. A whole range of techniques have been developed for estimating child mortality from the information routinely recorded in maternity registers on age and reproductive history of delivering mothers.
In Beirut in particular, given that about 94% of all women deliver in hospitals, 7 and that all parts of the city are well served by medical centres, maternity registers are likely to provide reliable estimates of child mortality. In the present study, the estimation of 0 q 5 for the metropolitan area of Beirut, and for its Christian and Muslim inhabitants, is based on the information (age of mother, number of children ever born and number of children alive in addition to current birth, and religion) extracted from maternity registers of the city in 1984 and 1991, processed by Brass and Macrae's 8 indirect estimation technique.
While no information is available in Lebanon on the particular question of the variation across social classes of the religious differentials in mortality, Chamie 9 has demonstrated an interactive effect of religion and social class on fertility, with large fertility differentials at low levels of wife's education, and almost none at high levels of education. The role of socioeconomic differences in explaining religious differences in child mortality, and the interaction of religion and socioeconomic status in determining child mortality were explored in the present study by use of hospitalization class as a proxy for social class. Within each hospital, the hospitalization cost increases from class 3 to class 1, but as there are very few beds in class 1, classes 1 and 2 have been grouped and considered as upper and middle social classes, and class 3 as low social class. The analysis of changes between 1984 and 1991 in religious-based child mortality differentials within social classes relied on a regression analysis of the proportion dead among children ever born, as a function of religion, age group and number of children ever born.
The magnitude of the religious differential in child mortality was assessed in two ways: (1) based on the indirect child mortality estimates obtained for Greater Beirut, and separately for Muslims and Christians of Greater Beirut in 1984 and 1991, and; (2) based on estimates of the child mortality risks for Muslims relative to Christians, provided by the regression analysis for the total sample, and for classes 1 and 2, and 3 separately.
MATERIALS AND METHODS

Choice of Hospitals and of Study Years
Information on the number of children ever born is recorded in the maternity registers of all hospitals in the metropolitan area of Beirut, but only five had recorded the companion item of information needed to study mortality, i.e. the number of children alive. These were: the American University Medical Center (420 beds in 1991), the Makassed hospital (185 beds), the Hotel-Dieu hospital (280 beds), the St Coeur hospital (85 beds) and the St Charles hospital (100 beds). These five hospitals, which are spread out in different areas of the city, are quite heterogeneous in terms of quality of care and of socio-religious profile of inpatients, and the first three of them are the major hospitals in Beirut.
From among the war years for which hospital records were still available, the years 1984 and 1991 were chosen for the purpose of this study: the first is close to the middle of the war, and is the start of the economic collapse, while the second was the most recent year at the time data collection was carried out. The information recorded for each delivering mother was: age, number of children ever born and number of children alive in addition to current birth, and hospitalization class (1, 2 or 3). Religion (Muslim/Christian) was recorded in the American University Medical Center registers, and in the other hospitals it was determined from the name and forename. There is indeed a straightforward correspondence between names and religion, and the juxtaposition of name and forename is very informative in this respect. Religion was attributed in about 40% of the records in 1984, and in about 47% in 1991.
Indirect Estimation of Childhood Mortality from Reports on Previous Births and Their Survival Recorded in Maternity Registers
Brass and Macrae 8 have developed a method, known as the adapted multiplying factor technique, to convert the proportion of children who have died among those ever born to mothers registering a birth at time zero (conditional sample) into the proportion who have died among children of women selected in a fictitious unconditional (random) sample.
Like the original Brass technique, this method requires knowledge of age, number of children ever born and number surviving for each respondent. Births that in the unconditional case would have occurred over the time interval before time zero have now been concentrated at time zero through the method of recording and have not been exposed to the risk of death. The conversion consists basically of distributing a proportion of the current births in the conditional sample over the preceding years to give the unconditional densities, and calculating the corresponding extra child deaths in order to bring into approximate agreement the two sets of results.
The appropriate multiplying factors are selected from published tables 10 on the basis of the ratio P 2 /P 3 , which is the ratio of the mean numbers of children ever born per woman aged 20-24 and 25-29, respectively. In a population where a significant proportion of women do not become exposed to risk of childbearing until their twenties, the P 2 and P 3 must be multiplied by the proportions exposed, usually taken as the proportions married in each age group.* Estimates of the probability of dying before age 2 and age 5 ( 0 q 2 and 0 q 5 ) are obtained by applying the multiplying factor to the proportion dead among children ever born to women aged respectively 20-24 and 30-34 years.
The data on children ever born and children surviving relate to a period which starts at a variable time, that of the mother's first birth, and ends at the time the record is filled. A procedure is available to establish the central date (or reference period) to which the child mortality estimates based on the proportion dead among children ever born refer. 11 In this study, the 1991 data-based estimates were found to refer to 1985 (mid 1980s period), and the 1984 data-based estimates were found to refer to 1978 (late 1970s period).
Regression Analysis of the Proportion Dead among Children Ever Born
Within the group of generalized linear models, logistic regression is widely applied where the data consist of a dichotomous response (died/survived), or consist of the form 'r successes from m trials'. In the present study, the response variable is the number of child deaths out of the number of children ever born (excluding current birth), and logistic regression was used to explain the variation in the response in terms of variation in age of mother, study year, religion and hospitalization class. The analyses were run with the statistical package GLIM, 12 considering for each study year (1984, 1991) the explanatory variable as religion (Muslim versus Christian), and the control and stratification variables as the 5-year age group, the hospitalization class (1 and 2 versus 3), and the number of children ever born. Age groups 15-19 and ജ35 were excluded from the analyses: the first one because of the erratic estimations of mortality that it yields, and the second one because it refers to a very wide reference period.
Results were expressed as risk of child mortality in Muslims relative to Christians, adjusted for age, and later for class and number of children ever born. For each study year, the set of analyses was carried out in the total sample, and respectively within classes 1 and 2 and class 3.
RESULTS
The proportion dead among children ever born by study year and age of mother, and the same proportions stratified by religion and class are presented in Tables  1-4 . Given that, the older the mother, the greater the duration of exposure of her children to the risk of death, the proportion deceased is naturally expected to increase with mothers' age, at least in unconditional samples. No regular variation was found in the conditional sample examined here, which may be attributed to several reasons. 13 (1) The age composition of the sample of children: as information is recorded at the time of a birth, most children considered here are at least 9 months old, and therefore belong to a range of ages where mortality is relatively lower than at the beginning of the first year of life, and changes with age less rapidly than during the first year.
(2) The exclusion of older mothers who have stopped childbearing: in older age groups, women who stopped childbearing are not considered, while their children are, on average, older than those women who continued childbearing. This phenomenon may lead to a relative underexposure of children born to older mothers, resulting in lower proportions dead among children ever born than would be expected in their age group. A selection bias of this nature is however countered by the fact that women who are having children at older ages may be more likely to have experienced deaths in their progeny.
(3) The preferential inclusion of young women who lost their preceding birth: the proportions deceased are quite unstable in age group 15-19 due to the very small numbers of births, but they are also noticeably higher in age group 20-24 than in the older age groups. This reflects the higher risk of first-born children, but may also result from another kind of selection bias: to be included in the sample, parturient mothers aged 20-24 need to be having a second or higher order birth, which is probably more common among those who lost their preceding birth.
In Brass and Macrae's technique the child mortality estimates 0 q 2 , 0 q 3 and 0 q 5 are based respectively on age groups 20-24, 25-29 and 30-34. Almost all children born to mothers in the age group 20-24 are firstborn children, and, given the delay in age at marriage in Lebanon, a substantial proportion of children born to mothers in age group 25-29 are likely to be first-born children as well. Knowing that first-born children have a higher risk of death, and that they represent a substantial proportion of the births in age groups 15-19 (from which 0 q 1 is estimated), 20-24 (from which 0 q 2 is estimated) and 25-29 (from which 0 q 3 is estimated), we relied solely on the age group 30-34 for mortality estimation, and displayed the 0 q 5 results by study year and religion ( Table 5 ). The 0 q 5 was estimated at 46 per 1000 based on the 1984 data, and declined to 36 per 1000 based on the 1991 data. There were definite religious differentials in mortality in the 1984 data, with 0 q 5 values of 34 per 1000 in Christians, versus 52 per 1000 in Muslims: the risk of mortality for Muslims relative to Christians was 1.53, and the absolute difference was 18 per 1000. In the 1991 data, the mortality indicators were lower in the two religious groups (30 per 1000 in Christians, versus 41 per 1000 in Muslims), and the differentials were also smaller, be it in terms of relative risk (1.35), or absolute difference (11 per 1000).
The next stage in the analysis consisted of exploring the interaction between religion and social class in determining child mortality. The regression modelled the proportion dead among children ever born to mothers in age groups 20-24, 25-29 and 30-34, as a function of religion, using as control variables in turn: age group alone, and age group and number of children ever born. Results were expressed as relative risks of child mortality for Muslims relative to Christians, and the significance level indicated relates to the comparison of the estimate to the theoretical value 1 (Table 6 ).
In 1984, the risk of child mortality for Muslims relative to Christians was 1.61 (significant at the 5 per 100 level), when controlling for age group only (model: religion + age group), and the relative risk estimate was 1.59 (significant at the 5 per 100 level) when adding class to the model. The results stratified by social class indicated the existence of an interaction between religion and social class in determining child CHILD SURVIVAL IN BEIRUT DURING WARTIME 115 mortality: while in classes 1 and 2 there were no significant religious differentials in mortality; in class 3, there was quite a large one, with a relative risk estimate of 1.95 (significant at the 1 per 100 level). In addition, the incorporation of the number of children ever born in the model lead to a significant decline of the relative risk estimate: to 1.39-1.41 (non-significant) at the overall level, to 1.06 (non-significant) in classes 1 and 2, and to 1.68 (significant at the 5 per 100 level) in class 3). The modifying effect of the number of children ever born on religion suggests that a large part of the child mortality difference between Muslims and Christians is attributable to their fertility differences. The fact that in Lebanon Muslims have larger families than Christians, and that child mortality is generally higher in large families than in small ones, is likely to explain, at least in part, the Muslim children's excess mortality relative to Christian children. There are however other factors involved, as, for a given age group and number of children ever born, the over-mortality of Muslims versus Christians is still significant in class 3, i.e. at the bottom of the social scale.
In 1991, a significant difference was still apparent at the overall level (relative risk estimate of 1.51, significant at the 1 per 100 level), but it got smaller when adjusting for class in addition to age group (1.44, significant at the 5 per 100 level), and no difference was left when adding the number of children ever born in the model. In the stratified analysis, no significant difference remained in either classes 1 and 2, or class 3 when adjusting for age group, and the incorporation of number of children ever born in the model led to relative risks even closer to 1 (1.36 in classes 1 and 2, 0.96 in class 3).
DISCUSSION
The investigation of child mortality differentials is based in this study on the broad religious categorization which was available from the maternity registers. The situation is in fact more complex as there are 17 religious denominations in Lebanon, belonging to five major religious groups: among the Christians, (1) Catholics, and (2) non-Catholic Christians; and among the Muslims, (3) Sunnis, (4) Shi'as, and (5) Druzes. Demographic data collection in Lebanon has long been impeded, mainly for political reasons, and so very little information has been available to date on the social correlates of childhood mortality in this country. Chamie 9 has shown that, in terms of fertility, the two broad religious groups do not overlap, as the total fertility rate estimates found in Muslim sects are all higher than those found in Christian sects.
Mosley and Chen's 14 framework for the study of child survival in developing countries is relevant for this analysis. In short, this theory states that social conditions are major determinants of child survival, and that they operate through a set of biological processes (or proximate determinants), to make their impact on the final outcome of disease and possibly death. Among the socioeconomic determinants at the household level, income is important: it represents the flow of economic resources to the family, and as such is a good measure of the family's capacity to purchase health through medical services, education, food and household amenities.
A priori, Muslims should suffer higher mortality levels than Christians, especially during childhood. Our findings support this expectation, as in spite of a decline in the under-5 mortality rate from 46 in the late 1970s to 36 in the mid 1980s, there still remains significant excess mortality in Muslims relative to Christians. However, the two religious groups seem to have got closer to each other over time, as the difference based on the 1991 data is consistently smaller than the difference based on the 1984 data, be it in relative terms (ratio shifting from 1.53 to 1.35), or absolute terms (difference shifting from 18 per 1000 to 11 per 1000).
Are these child mortality differences entirely attributable to the socioeconomic differences between the two religious groups, and are they stable across social classes? Our study is particularly instructive with regard to the Muslim-Christian differentials in child mortality, their social stratification, and their changes over time. The use of hospitalization class as a proxy for social class, and the regression analysis of the proportion dead among children ever born has confirmed the magnitude of the religious differentials in child mortality reflected in the religion-specific 5 q 0 estimates, and their relative decline over time, with risks of child mortality in Muslims relative to Christians shifting from 1.61 in 1984 to 1.51 in 1991. It has also illustrated the potentially confounding role of social class in the relationship between religion and child mortality, as the Muslim-Christian difference in child mortality gets somewhat smaller after adjustment for class, more so in 1991 than 1984. Also demonstrated is the existence of an interaction between religion and social class in determining child mortality levels, as the child mortality differentials are found to be prevalent in the lower social classes, while no significant difference remains in the middle and upper ones. Our results have clarified the decisive role of fertility, as a large part of the religious differential in child mortality vanished when the number of children ever born was adjusted for, in addition to age and class.
The concentration of the religious differentials in child mortality at the bottom of the social scale accords with what had been found previously for fertility. The finding concerning fertility in the regression analysis implies that, in the lower social classes, a large part of the child mortality difference is attributable to the fact that Muslims have larger families than Christians, which highlights the role of high fertility in generating high child mortality.
In addition, the decline in child mortality between the two study years, and the convergence of the child mortality levels of the two religious groups agrees with the finding of a fertility decline, and of a tapering of religion-based fertility differences, based on the same dataset. 15 Overall, a pattern of this kind suggests that the demographic transition entails a convergence of the demographic profile of the religious groups, even in a war situation with conflict between these groups.
The present study has contributed to an estimation of child mortality levels and patterns in a country with poor statistics, based on data collected during the normal course of health care services. An approach of this kind is not dependent on ad hoc data collection operations, and is potentially applicable for establishing in Lebanon and in other countries a national monitoring system for mortality, of particular value to health planners.
Investigations of the impact of war on child mortality are rare, mainly due to the absence of adequate data in periods of political turmoil. Although war is expected to have an adverse effect on child health, the opposite has actually been found to happen in certain contexts. Child survival improved in Great Britain and the US during both the First and Second World Wars. 16, 17 In Iraq during the war with Iran, the trend toward declining infant and child mortality was not interrupted, but instead was accelerated after the launching of the Five-Year Child Survival Plan in 1985:
18 this has been interpreted as indicating that the war situation itself may in some instances stimulate increased attention to welfare of children, which would reinforce development efforts set up before the start of the war.
In Beirut, the child mortality levels fall within low ranges, and are consistent with previous estimates in the country. In 1970, the life expectancy for both sexes for the whole of Lebanon was estimated by Courbage and Fargues 1 as 64 years, and 5 q 0 as 85.9 per 1000. At that time, Beirut with its suburbs comprised 43% of the entire population, and the mortality in the capital city had not been estimated per se. A hospital-based survey in the western part of Beirut provided a 5 q 0 value around 45 per 1000 for the late 1970s, and lastly, the 1984 Beirut Health Survey 19 provided a 5 q 0 value of 31 per 1000 for the same reference period.
Our estimate for the mid 1980s ( 5 q 0 = 36 per 1000) is slightly larger than the one derived from the 1984 Beirut Health Survey population-based data. In addition, this mid 1980s estimate is smaller than the late 1970s estimate ( 5 q 0 = 46 per 1000). This favours the hypothesis that in Beirut, as in some other areas, the war has not reversed the declining trend in child mortality. In fact, although the war is likely to have had a significant impact on male adult mortality in Lebanon during periods of heavy fighting, the military events apparently did not disrupt the health services delivered to children, often considered to be the best in the Middle East. Whether the war has in fact entailed a slowing down of the decline in child mortality in Beirut can only be assessed by comparison with other countries in the Middle East.
As there are no direct data on child mortality in the urban areas of the Arab countries, estimations have been derived from the available figures for the countries as a whole,** around 1970 and around 1985 (Table 7) . For Beirut, the 1970 estimates originated from Courbage and Fargues' study 1 based on adjustment of civil registration, and the 1985 estimate is the one obtained in this study.
In 1970, Beirut ranked second in terms of under-5 mortality rates, a performance which has to be attributed to the synergy of an efficient health system, the high educational attainment of Beiruti females, and their fairly low fertility, resulting from delayed marriage and the spread of birth control practices. With an under-5 mortality rate of 57 per 1000, Beirut was at that time only surpassed by Kuwait City (benefitting from very large financial resources devoted to the health sector), and ranked higher than all other rich oilproducing countries (Oman, Bahrain, Qatar, United Arab Emirates). Compared to the more homogeneous group of countries in the Northern Middle East, Lebanon's urban child mortality was half the level of that 5 q 0 has been calculated based on 1 q 0 , using the rates obtained from the Demographic and Health Surveys (DHS), or from the PAPCHILD surveys. The urban under-five mortality rate Qu was then determined according to the relation:Qu = Qt/(u + (1 + u).e), where Qt is the under-5 mortality rate at the national level; u is the proportion of urban population in 1970, and; e is the excess under-5 rural mortality obtained from the last DHS or PAPCHILD surveys.
of urban Syria (97 per 1000) and Iraq (104 per 1000), and two-thirds the level in Jordan (92 per 1000). By 1985, 15 years later, child mortality had declined rapidly in the Arab world. In Beirut, child mortality rate was estimated at 36 per 1000, a change slower than everywhere else, excluding Sudan which has also undergone a very violent civil war. In those countries which enjoyed low mortality rates at the beginning of the1970s, the decrease was twice as fast as in Beirut: -37% in Beirut, versus -56 to -70% in Kuwait, Qatar, the United Arab Emirates and Bahrein. Due to the effects of the Lebanese war, Beirut has got close in the mid 1980s to other countries of the Northern Middle East, such as Syria (38 per 1000), or Jordan (40 per 1000). In terms of child mortality, although the war has not reversed the trend, it has definitely slowed it down, causing Beirut to loose its priviledged position in the Arab world.
